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I the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates onbehalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p.l.c, 
pic, P.L.C. or PLC. 
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Re-registration under the Companies Act does not constimte a new legal entity but merely 
subjects the company to certain additional company law rules. 
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Dated 19 October 2004 
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Loudspeaker 

Author: R Topliss - 
Date: 10/10/03 

Summary 

Thl$ Is a brief not© explaining Ihe function of the O Window loudspBaker, and 
1 Ltd'e concept for a manufacturing solution for the spaalcer. 

The C WIrtdcw is a sp8al<er technology that allows a panel In the casework of 
various products, such as mobile phones and PDAs to be driven as a 
loudspeai«6r. it Is described In the commoniy owned international patent 
application number WO-03001841. There are several advantages to the 
technology: ' 

• The epesdter Is very low profile, so does not tEika up muc^ room Inside 
the product. 

• The C-morph piezoelectric actuator looks electrically Ilka a capacitor, 
and consumes IKtie power. 

• For products that use, a display, such as mobile phones, the speaker 
diaphragms may be the polycarbonate screens currently used to 
protect the LCD. 

• Use of such speakers allows the product to be more effectively sealed 
against water and dust. 

• The sound produced Is diffuse, preventing hearing damage if used at 
loud volume close to the ear. 

• The sound quality is superior fo equivalent sized speakers. 

• The parte and construction cf ihe epeeker are simple, potentially 
yielding cost advantages over traditional epeaketis. 

Operation 

Figure 1 showe the C-Morph aVAuator. The actuator is configured to operate 
like a blmorph. One free straight edge is rigidly connected to the edge of the 
diaphragm, and the other edge Is connected to a solid base to provide the 
reaction force. When actuated, the OMoiph rotates the edge of the 
diaphragm as shown In figure 2. 
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Diaphragm 



Flguiie 2! Operation of actuator 

Trie diaphragm is typically supported In the product casework by a complaint 
surround. This may be a polyurethane foam, or a sllicorta sealant. This means 
that statically, the diaphragm Is prevented from moving In the'manner shown 
In figure 2. Rgure 3 shows the results of an FEA analysis, where the actuator 
has deformed statically In response to an applied voltage. The displacement 
of the diaphragm has been amplified to make the effect more obvious. 



Actuator 




Figure 3: Static PEA analysis 



In practice, the static displacement of the diaphragm bears little relation to the 
displacement isf the diaphragm at the audible frecjuencles of interest. 

The material used for the diaphragm, Its stiffness and density determine the 
resonant frequencies of the diaphragm. For most applications, the material 
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properties of the diaphragm 6it& such that it Is operating above fts first 
resonant frequency at the frequencies of interest. The resonant frequencies 
(and the fundannentai frequency In particular) are also affected by the volume 
of atr behind the diaphragm inside the product, since this adds stiffness to the 
system. 



Figure 4 shows how a typical diaphragm displaces at its fundamental- 
resonant frequency. This particular analysis considers a diaphragm 44mm by 
71mm made from 1mm thick polycarbonate, the same material currently used 
to protect LCD Bcreena In mobile phones. Without any added air atlffnsss^ls 
resonance occurs at approximately 380Hz. 



In contrast Figure S shows the results of the PEA analysis of the first harmonic 
of the diaphragm, for the same conditions as above. This occurs at 
approximately esOHsj, Therefore. In. the audible region of Interest, it is likely 
thai the diaphragm will have 'broken up' and not move as a rigid body. 

This has several Impliiartions: 

• Above the first harmonic resonant frequency, the volume of air acting 
as a spring behind the diaphragm becomes far less Important, because 
the diaphragm is not moving In phase. The air is not being asked to 
change volume, but merely shift from one place to another Inside the 
product. 

• At resonances, the amplitude of vibration of tfie diaphragm increases 
maximising the sound output. 




Figure 4: FEA analysie of fundamental feeonanoe 




Figure 6: PBA analysis of first harmonic resonance 
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• It does not matter that the actuator Is or^ly acting on one end of the 
diaphragm, since flie energy travels across the dis^hragm from the 
actuator. 

• The frequency response Is not a flat as a speaker operating as a 
piston. However, for ite size, It operates at a lower frequency, and has^ 
a comparable ftatneaa of frequent^ response to conventional voice coii 

' epealcers of similar size. 

Design for Manufacture 

The C Window speaker technology is a departure from conventional 
technologies, and has implications for the assembly processes for the 
product. 1 Ltd's aim Is to minimise these changes to the assembly processes. 

The final design of weaker Is dependent on the appiication. however the 
example given Is for a mobiie phone appllcaticm. where the diaphragm fonms 
the protection for the LCD screen. 

As explained ai>ove, the actuator acts to rotate tiie edge of the diaphragm. In 
order to do this, it needs to react against another part of the product. Due to 
the nature of PZT, it is also likely that the two ends of the actuator will need to 
be bonded to the diaphragm and the anchor point. In addition, the actuator 
must be protected from excessive stresses caused by external deflection of 
the diaphragm. If the achjator is rigidly mounted to the diaphragm and product 
casework, and yet the diaphragm Is compliantly mounted to the casework, 
there is a danger of over stressing the actuator and breaking it. The nature of 
the tolerances of the compliant mounts for the diaphragm make designing 
suitable end-stops limiting the diaphragm movement difficult to Implement In 
f practice. Hence tiie baste design of C Window speaker must be modified to 
account for these issues. 

Jn addition, most products are assembled by dropping functional sub- 
assemblies into the product casework. Integrating the speaker into the 
casework causes production problems because ft potentially changes the 
responsibilities of different component manufaohirers. All of these tesues are 
addressed in 1 Ud's concept design for manufacture. 




Figure 6: Concept dedlgn for manufacture 
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Actuator mount to 
diaphragm 




TT1I8 region rigidly 
bonded to 
casework 




Figure 7s Close up of Aetuater mounting 



Fhaures 6 and 7 represent 1 Ud'e concept design that overcomes, the 
problems highlighted above. Rgure 6 shows that the C Window speater^-can 
be manufactured as a single functional unit, that can undergo some fciwi of 
performance testing before assembly Into the product. The concept Is 
designed such that It can undergo a single assembly operation Into, the 
product: There la no need to assemble the diaphragm, and then assemble the 
actuator to both the diaphragm and the casework. 

Flaure 7 shows more detail the basic features of the speaker needed to mounl 
the actuator and provide for protsotiqn end-stops for the actuator. In essence, 
both ends of the actuator are bonded to the diaphragm, along witli the end- 
stops. This minimises the complexity of assembling the actuator, and removes 
the tolerance Issues In assembling the end-stops, in order to operate as 
described above, the left hand strip of the diaphragm In Figure 7 must be 
rigidly bonded to the product casework, whilst the region of the diaphragm 
visible from outside the product must be compflantty mounted. Figures 8 and 
7 shew dark strips of pdyurethane foam providing this function, although 
alternative materials are possible. 

By rigidly mounting the left hand strip to the product casework, this provides a 
good reaction against which the actuator can rotate and defomi the 
diaphragm. Since the region bonded to the casework, and the movng 
diaphragm are joined at the diaphragm corners, this has the effect of stiffening 
the diaphragm and reducing its movement. However, this effect Is quite smaH, 
and can be offset by a small Increase In the size of the actuator. One pradteai 
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assembly method for speaker, is to dispense a bead of compliant silicone 
around the seat for the diaphragm, and mounting area that needs to be rigidly 
constrained. By making the bond line much thinner In this area, this region will 
be much more stiffly bonded to ttie casework. Therefore the entire asssmbly 
process into the product casework may involve the dispensing of one material 
Into the casework, and pressing the speaker module In place. This makes ths 
assembly operation very similar to operations currently used In the assembly 
of such products. 
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Rigid bond 



Casework 



FIgurtt 8: Cress-seetlon view of speaker assembled In casework 

Figure 8 shows how the speaker may be assembled into the product. In this 
case, the speaker Is assembled from inskf s the product 

Rgure 9 shows a speaker with an alternative form of actuator, in this case, 
the actuator Is a plezoeieotric bimorph connected at one end to the diaphragm 
and the other end to a stiff actuator mount. This mount forms a bridge section 
and Is Itsslf attached to the diaphragm. . In the area where the mount Is 
attached to the diaphragm, the diaphragm Is rlgWIy mounted to the casework; 
at Its other edges, the diaphragm Is mounted on the casework through a 
compliant surround. 
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